Octopus paralarvae were more abundant in surface waters, whereas abundance of 31 loliginids and sepiolids was higher in the water column. This vertical behaviour in 32 conjunction with the physical conditions of the Western Iberian Upwelling ecosystem 33 suggest the coexistence of two different life strategies: a coastal strategy displayed by 34 loliginid and sepiolid paralarvae that are retained over the shelf, and an oceanic strategy 35 displayed by O. vulgaris paralarvae that are dispersed far from the shelf. 36 KEY WORDS: cephalopod paralarvae, zooplankton communities, trophic ecology,
analysis (PCO) ordination was then used to visualise the natural groupings of the 152 samples. The communities emerging from the PCO plot were first analysed with 153 used to test for statistical differences in the communities found in the multidimensional 156 space. Overall, six mesozooplankton communities identified in the Ría de Vigo in 2008 157 (Roura et al., 2013) were used to analyse the short-term spatio temporal interactions of 158 cephalopod paralarvae on them: summer coastal (SC), summer frontal (SF), summer 159 oceanic (SO), autumn coastal (AC), autumn frontal (AF) and autumn oceanic (AO). 160
In order to study the association between cephalopod paralarvae and the 161 zooplankton communities identified off the Ría de Vigo, the abundance of 162 ommastrephid paralarvae had to be added to the matrix since they were present in less 163 than 10% of the samples and were excluded from the original zooplankton analysis. 164
Then, the scores of PCO1 and 2 for the different cephalopod paralarvae were used to 165 plot the vectors that define the strength and direction of the association between the 166 paralarvae and the different mesozooplankton communities. RELATE analysis was 167 carried out to test if the spatial pattern of the cephalopod paralarvae assemblage 168 matched with the spatial pattern of the mesozooplankton communities, by correlating 169 the matching entries of their resemblance matrices based on the Spearman rank 170 correlation. PERMANOVA analysis was carried out with the different cephalopod 171 paralarvae to test differences in abundance among zooplankton communities. 172 PERMANOVA was run for 999 permutations using the "unrestricted permutation of 173 raw data" and type III sum of squares, which yields an exact test for one-way design 174 F  o  r  P  e  e  r  R  e  v  i  e  w 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Accordingly, all the zooplankton organisms not likely to be consumed by the octopuses 219 according to their ecology were removed (reviewed in Villanueva and Norman, 2008) . 220
These included salps, cnidarians, siphonophores and appendicularians, as well as small-221 sized organisms like platyhelminthes or harpacticoids. When the available resources are 222 objectively chosen, CI index is appropriate not only for measuring niche breadths but 223 also for quantifying foraging patterns on individual animals (Feisinger et al., 1981) . 224
Therefore, individual values of CI for each paralarvae were compared among the 225 mesozooplankton communities, in order to test whether the foraging tactics of O. 226
vulgaris changed in summer and autumn communities (t-test). 227
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Vigo from 2008 to 2010 was evaluated using as input predictors into the GLMs, the 231 strata (two categories: surface and water column), the station (four categories: T2, T3, 232 T4 and T5), the month sampled (three categories: July, September and October), and the 233 upwelling index during the day preceding the surveys. The upwelling index was chosen 234 because it is one of the most important forcing factors in this region (e.g. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w surveys 1 to 4 (from July 2-11) were conducted under downwelling conditions, 242 characterised by weak coastal winds of variable direction and a progressive increase of 243 sea surface temperature, with the exception of the strong downwelling-favourable winds 244 recorded on July 4 (Fig. 2a) . Conversely, surveys 5 to 10 (conducted from September 26 245 to October 14) were characterised by upwelling-favourable winds (Fig. 2a) , which 246 cooled the surface layer sharply (Fig. 2c) . The only exception occurred in October 14, 247
with the presence of weak southerly winds. In summer 2009 (surveys 11-14, conducted 248 from July 15-24) all samples were collected under downwelling conditions, although an 249 upwelling event occurred in between surveys 12 and 13, producing a transient decrease 250 in temperature that was appreciable up to the innermost side of the Ría (Fig. 2c) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w mesozooplankton communities  264 The main characteristics of the six mesozooplankton communities described in the Ría 265 de Vigo in 2008 are summarized in Table 1 . Briefly, the summer coastal community 266 (SC) showed the greatest abundance and diversity as a result of the great contribution of 267 the meroplankton fraction (Fig. 3) . The main groups were copepods, larval stages 268 (calyptopis and furcilia) of the euphausiid Nyctiphanes couchii, larval stages of 269 echinoderms and salps. The meroplankton fraction was less important in the summer 270 frontal community (SF), which was dominated by larval stages of N. couchii, copepods 271 and salps. The summer oceanic community (SO) was dominated by the holoplankton 272 fraction (salps and copepods) with the lowest values of homogeneity and biodiversity. 273
The autumn coastal community (AC) showed the highest abundance, with echinoderm 274 larval stages (echinopluteus and ofiopluteus) contributing the most to the overall 275 abundance, followed by larval stages of N. couchii, salps, copepods and cirriped larvae. 276
The autumn frontal community (AF) was dominated by larval stages of N. couchii 277 followed by copepods and salps. Finally, the autumn oceanic community (AO) had the 278 lowest abundance values, with an equitable contribution of both copepods and salps, 279 and followed by larval stages of N. couchii. 280
Regarding cephalopod paralarvae, a total of 2039 individuals were captured from 281 2008 to 2010 off the Ría de Vigo (Table 2) classified at the family level due to the lack of accurate descriptions for loliginid, 286 sepiolids and ommastrephid paralarvae below this level of classification. All 287 ommastrephid paralarvae (n=11) were found in the column sample, mainly in autumn 288 Cephalopod paralarvae were unevenly distributed among the mesozooplankton 298 communities (Fig. 3) , which was confirmed with the PERMANOVA results (Table 3) . 299
A decreasing gradient from coastal to oceanic communities was observed, with the 300 exception of the autumn frontal community. Octopus vulgaris showed higher 301 abundances in the frontal and coastal communities throughout the sampled period, with 302 a maximum of 395 ind / 1000 m 3 in the autumn frontal community at the surface (Fig.  303 3). Loliginids and sepiolids were more abundant in the coastal and frontal communities 304 in both sampling periods, being almost absent in the oceanic samples. Finally, all the 305 ommastrephid paralarvae were found in the water column samples collected in autumn, 306 three belonging to the coastal and one to the oceanic community. 307
The direction of the vectors shown in Fig. 4 show that loliginids and sepiolids 308 were mainly associated with the coastal-frontal communities (represented by positive 309 values of PCO1 axis) found in summer (as shown by the positive values of PCO2 axis). 310
Octopus vulgaris was associated with the coastal community (positive value of PCO1 311 axis) found in autumn (negative value of PCO2). Ommastrephids were associated with 312 autumn frontal communities. The length of the vectors displayed in Fig. 4 evidenced 313 that the contribution of cephalopod paralarvae to the discrimination of the zooplankton 314 The relationships found between cephalopod paralarvae abundance and the 321 descriptors of the mesozooplankton communities complete the above description and 322 are summarized in Table 4 . Ommastrephids were excluded from the analysis due to 323 their low abundance. It can be drawn that all cephalopods were inversely correlated with 324 the holoplankton-meroplankton ratio and the evenness, especially O. vulgaris and 325
loliginids. This implied that there were more chances of finding cephalopod paralarvae 326 mainly in the coastal communities where the meroplankton fraction was higher and the 327 community was evenly distributed (Table 1 ). The short-term spatio-temporal analysis 328
showed that O. vulgaris was more abundant in September > October > July, 329 preferentially at the surface though this was not significant. Loliginids were more 330 abundant in September, preferentially in the water column though this was not 331 significant. Concerning sepiolids, they were more abundant in the water column than at 332 the surface, with no statistical differences in the month sampled. (Table 5) . At least one decapod species was found within the digestive 337 tract of every single paralarvae, a diverse taxonomic group that is found in very low 338 abundance within the different communities ( The trophic niche breadth (CI) estimated for each paralarva ranged from 0.042 to 347 0.374. These low values show that O. vulgaris foraging tactics are prey-specific and do 348 not depend on the prey available in the different communities. In summer, octopuses 349 feeding on the coastal community showed significantly higher CI mean values 0.11 ± 350 0.019 than those of the frontal community 0.056 ± 0.008 (t-test, p-value = 0.033, n = 7). 351
However, this change did not reflect a change in prey niche but rather it reflected the 352 decrease of decapods in the frontal community compared to the coastal community 353 (Table 1) . CI values were on average lower in summer 0.087 ± 0.032 than those 354 obtained in autumn 0.13 ± 0.12, although not significantly (t-test, p-value = 0.617, n = 355 18) showing that paralarvae display similar foraging strategies in both seasons. Mean CI 356 values for autumn were 0.144 ± 0.096 and 0.10 ± 0.142 for the coastal and frontal 357 communities respectively, showing no statistical differences (t-test, p-value = 0.214, n = 358 11). The increase found for CI values in autumn was due to the fact that three octopuses 359 (one from AC and two from AF communities, Table 5 ) feed on krill, which was evenly 360 distributed in those communities (specially in AF community, Table 1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w the cephalopod paralarvae, which is more evident in 2010 when the Multinet was used 365 to sample the bottom layer. GLMs showed inverse spatio-temporal relationships for O. 366 vulgaris compared to those found for loliginids and sepiolids, except for the upwelling 367 index (Table 6 ). Octopus vulgaris abundance increased under upwelling-favourable 368 conditions the day preceding the survey, and it was significantly higher in September, at 369 the surface layer and East of the Cies Islands (Fig. 6a) . The modelling of loliginid and 370 sepiolid paralarvae revealed the same trend for both groups, indicating that abundance 371 of loliginids ( loliginid and sepiolid paralarvae. Currently, the only reliable method to identify these 382 groups is genetic barcoding. Indeed, the cephalopod paralarvae collected during a cruise 383 in shelf waters off NW Iberian Peninsula -including the outer part of the Ría de Vigo-384 were identified to species level using the cytochrome oxidase subunit I gene, COI 385 the fact that our data on these taxa might be comprised of multiple species in both cases. 392
Mesozooplankton communities and cephalopod paralarvae 393
Cephalopod paralarvae were unevenly distributed in the mesozooplankton communities 394 found in the Ría de Vigo, and suggests that the cephalopod paralarvae actively choose 395 the communities they inhabit as observed in other ecosystems (Vecchione et al., 1986 ; 396 Roberts, 2005) . Multivariate analysis suggests different associations of the cephalopod 397 paralarvae with the zooplankton communities despite their low abundance: loliginids 398 and sepiolids were associated with the coastal-frontal summer community, whilst O. 399 vulgaris was lightly associated with the coastal community during autumn, and 400 ommastrephids with the autumn frontal community (Fig. 4) . Common octopus and 401 loliginid paralarvae were negatively related to the holoplankton/meroplankton ratio 402 (H/M). This variable was the best descriptor of the mesozooplankton communities 403 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The association found with the cephalopod paralarvae and the coastal and frontal 413 communities may be driven by optimal trophic conditions present within these 414 environments. Several reasons might support this hypothesis. Coastal communities 415
showed the greatest zooplankton abundances increasing the chances for successful 416 feeding even for recently hatched paralarvae, as it was observed for Loligo pealei 417 (Vecchione, 1981) Prey selection was consistent in four different mesozooplankton communities analysed 440 (Table 5) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The abundance of all cephalopods increased with the upwelling strength the day 483 preceding the sampling, which is a reasonable lag for the Ría de Vigo whose subtidal 484 circulation responds immediately to the shelf winds forcing (Piedracoba et al., 2005) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 6) : recently hatched O. vulgaris were mostly present in the 517 surface under upwelling conditions, while loliginids and sepiolids of variable sizes were 518 associated to the water column. Consequently, it might be plausible to suggest two 519 different life strategies in the coastal waters of the Iberian Peninsula, driven by changes 520 in the vertical distribution of the paralarvae: 1) we postulate that loliginids and sepiolids 521 display a coastal retention strategy through the avoidance of surface offshore currents, 522 which is in agreement with the shelf-cell retention hypothesis; 2) we postulate an 523 oceanic strategy for O. vulgaris, hatching near the coast and then selecting offshore 524 superficial currents under upwelling conditions to be transported far from the shelf for 525 later development. 526
We suggest that the separation between both life strategies would be the 527 continental shelf (~200 m depth), which greatly modulates the circulation patterns in the 528 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 O. vulgaris paralarvae were found far from the shelf and increasing in size towards 570 oceanic waters (Roura, 2013) . In particular, up to 30 O. vulgaris paralarvae with more 571 than three suckers per arm (from 4 to 12) were found over the continental slopes of both 572 the Iberian Peninsula and Morocco (from 600 to 3100 m water depth). 573
In conclusion, our study suggests that the spatio-temporal distributions of 574 cephalopod paralarvae observed herein might be driven by two contrasting early life 575 strategies: a coastal-shelf strategy in loliginids and sepiolids, and an oceanic strategy in 576 O. vulgaris. Nevertheless, more detailed sampling combined with biophysical models is 577 needed to accurately resolve the vertical, along-shore and cross-shelf distribution of the 578 cephalopod paralarvae in order to confirm the contrasting life strategies proposed. 579
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